Objectives: The objective of this review is to identify sanitation failures that have contributed to the occurrence of diarrhoeal disease outbreaks among displaced populations living in camps.
INTRODUCTION

1
The United Nations High Commission on Refugees (UNHCR) estimates that the number pathogen had been imported from an endemic country and introduced by a pipe discharging 23 human waste from a United Nations Stabilisation Mission in Haiti (MINUSTAH) camp into the 24 Artibonite River (Piarroux et al., 2011) , causing 480,000 cases and 7,000 deaths within a year 25 (Piarroux and Faucher, 2012) . The Haiti outbreak is an example of a sanitation failure leading 26 to the spread of a pathogen into a susceptible population as a consequence of inadequate 27 management of human excreta disposal by an organisation that had the means, awareness 28 and responsibility to uphold standards and guidelines.
30
Data from the UNHCR Health Information System have been analysed in studies 31 examining water and sanitation provision and the associated diarrhoeal disease burden 32 (Cronin et al., 2008 (Cronin et al., , 2009 Hershey et al., 2011) . Cronin et al. (2009) collected data from 130 33 camps and found that more than a quarter of them failed to meet sanitation standards in 34 2005. In another study by Cronin and colleagues (2008) , covering 39 camps, 132,000 cases of 35 diarrhoea were estimated to be "attributable to incomplete water and sanitation provision" were estimated to be associated with 7% of deaths and 10% of overall morbidity in children 38 under five years of age living in 90 camps distributed across 16 countries (Hershey et al., 2011) .
39
Several recent reviews examining the impact of WASH interventions on reducing the 40 incidence of diarrhoeal diseases in low resource settings have highlighted a lack of published 41 evidence regarding the effectiveness of sanitation-specific interventions (Brown et al., 2012;  42 Ramesh et al., 2015; Blanchet et al., 2017) . Their focus on interventions implies that outbreak 43 investigations that searched for the cause of the outbreaks might not have been included.
44
Examining the sanitation-related risk factors that contributed to past outbreaks could help the Boolean operators OR and AND were used to link each subject heading with the associated 56 keywords and to combine the three key concepts/keywords, respectively. Appendix A 57 describes the full search strategy and search strings.
58
Articles were initially screened by title and abstract. Eligibility was determined in a 59 stepwise approach based on whether articles met all of the following criteria: 1) a diarrhoeal 60 disease outbreak was investigated; 2) the outbreak occurred in a camp hosting a displaced 61 population; and 3) sanitation characteristics were described. Where abstracts did not provide 62 sufficient information, full texts were retrieved and the same stepwise approach was used to 63 determine final inclusion. In addition, reference lists of relevant articles were screened to 64 identify further eligible papers based on the same criteria.
65
Data extraction and analysis
66
Data extraction, analysis and synthesis were conducted following the Preferred
67
Reporting Items for Systematic Reviews and Meta Analyses (PRISMA) statement (Moher et al., 68 2009 (Reingold, 1998 ) (see Appendix B: critical appraisal checklist).
80
In addition to the overall critical appraisal based on the checklist, the strength of the 81 evidence linking sanitation failure and outbreak occurrence in each study was classified as 82 possible, probable or strong based on the inclusion of a sanitation parameter in statistical 83 analyses and/or the description of the mechanism for pathogen transmission in the 84 epidemiological investigation (see Table 1 
RESULTS
93
Study characteristics
94
A total of 608 articles were identified through the systematic database search and Table 2 and Appendix C).
99
Two outbreaks took place near Dhaka, Bangladesh; one in 1974 among the landless 100 rural population resettled after independence (Khan and Shahidullah, 1982) , the other in 1978
101
in a camp hosting Burmese refugees fleeing civil war (Khan and Munshi, 1983 Mozambican border in 1988 (Moren et al., 1991 ), 1990 (Swerdlow et al., 1997 and 1992 106 (Mulemba and Nabeth, 1994) and in a fourth camp in Zimbabwe in 1992 (Bradley et al., 1996) . Shigella dysenteriae type 1 (Sd1); these two outbreaks were described in two articles (Goma
113
Epidemiology Group, 1995; Bechen et al., 1996) as strong in one study, probable in seven and possible in four (see Table 2 ). Four studies used 123 a matched pair case-control design (Moren et al., 1991; Swerdlow et al., 1997; Shultz et al., 124 2009; Mahamud et al., 2012) but, of these, only two included a sanitation variable as an 125 exposure (Shultz et al., 2009; Mahamud et al., 2012) . The other two examined water source
126
and contact with a specific location as exposures, considering sanitation-related risk factors 127 as contributing to water contamination in the discussion only (Moren et al., 1991; Swerdlow 128 et al., 1997) . Of the eight other studies, one presented the results of a spatio-temporal 129 statistical model comparing the same outbreak occurring in a camp and farm community 130 (Bradley et al., 1996) and the remaining seven were descriptive (Khan and Shahidullah, 1982;  131 Khan and Munshi, 1983; Mulholland, 1985; Mulemba and Nabeth, 1994; Goma Epidemiology 132 Group, 1995; Bechen et al., 1996; Kernéis et al., 2009 ). Only one study showed strong evidence of an association between a measured sanitation 137 parameter and the likelihood of being a case in multivariable statistical analysis. Three other studies 138 included sanitation as an exposure parameter but the evidence was not conclusive enough to 139 confirm the association. Among the eight remaining studies, those that showed the distribution of 140 cases over time (epidemiological curve) and described a possible mechanism of transmission were 141
133
given a higher score in the critical appraisal. 142 
144
*"recent" influx is considered as being 6 months or less prior to the first cases being reported but ranged from days (Goma Epidemiology Group, 1995; Bechen et al., 1996;  145 Kernéis et al., 2009 ) to 6 months (Khan and Munshi, 1983) Bechen (1996) . Goma Epidemiology group (1995) provides a range of between 58,000 and 80,000.
156
8 Based on high population estimate of 800,000 and low estimate of total cases of 58,000.
157
The variation in case definitions prevented any comparisons between outbreaks. Outbreak duration and attack rates seemed to be 158 unrelated to camp size. Higher attack rates were reported in the Shigella outbreaks, reflecting easier detection of cases (visible blood in the 159 stool). All but one camp saw a sudden influx of population within six months preceding the identification of first case. documented by MSF (see Table 3 ).
Outbreak characteristics
169
In the two articles describing the Goma outbreak, the authors calculated the number 170 of cases retrospectively, based on the number of bodies collected in the streets of the town 171 before surveillance could be put in place, and triangulated this estimate with clinic data and 172 household surveys (Goma Epidemiology Group, 1995; Bechen et al., 1996) . Apart from these 173 two studies and that of Khan and Munshi (1983) symptoms to seek care and c) were aware of the presence of a treatment centre.
186
Where indicated, mean outbreak duration was 14 weeks, ranging from 4 to 29 weeks 187 with the peak occurring between 6 and 43 days after the start of data collection (see Table 3 188 and Appendix C Five studies reported a persons per latrine ratio, which ranged from 13 to 1,029. The Table 4 ).
206
Five articles described sanitation facility characteristics, which included sewer- to utilisation. Open defecation in fields, bushes, the banks of ponds, rivers or lakes and/or 214 compound grounds was reported in eight studies (see Table 4 and Appendix C). 
215
Delayed provision of sanitation facilities after a population influx
221
Insufficient latrine provision after a recent population influx in the camp was 222 mentioned in six articles (see Table 5 ). The heterogeneity in case definitions prevented 223 comparisons between cholera outbreaks but Kernéis et al. (2009) (Khan and Munshi, 1983) . In Lisungwi, communal latrines were built 231 when refugees first arrived but were insufficient (Mulemba and Nabeth, 1994) . strain. However, the sections of the camp that saw the highest ARs also had the lowest latrine 239 coverage and hosted the majority of new arrivals (Shultz et al., 2009 in the final multivariate model (Mahamud et al., 2012) . Although the authors noted that 247 12,000 people had been transferred from another camp one month earlier, recent arrival was 248 not found to be a significant risk factor (OR: 1.83; 95% CI: 0.68-4.96) (Mahamud et al., 2012) .
249
However, almost half of eligible cases could not be located for an interview and controls were 250 excluded if any member of the compound had experienced diarrhoea as of two days after 251 outbreak detection, thus introducing potential selection bias.
252
The high proportion of asymptomatic individuals in cholera-infected populations (Sack 253 et al., 2004) implies a high risk of differential misclassification bias in the case-control studies.
254
In the other articles, the risk of ecological fallacy (Carneiro and Howard, 2011) prevented the 255 isolation of sanitation failure effects from water and hygiene-related factors when estimating 256 exposure.
257
Open defecation and the use of unsafe water sources
258
Open defecation practices were described as contributing factors in nine outbreaks,
259
as the areas that had been used for defecation were also used for drinking, washing and 
264
In Nyamithuthu, cases were s16 times more likely to have "visited the river" and to campaign and a small sample size, might have under-estimated the association.
271
Cultural factors were described in four studies. In Dhaka (Khan and Shahidullah, 1982) human faeces were observed on compound grounds in Shagarab (Mulholland, 1985) and in
276
Kakuma in 2009 (Mahamud et al., 2012) , where the authors noted that some camp dwellers 277 considered children's faeces harmless.
278
Accidental water contamination
279
The most precise description of the mechanism by which drinking water was 280 contaminated by infected faeces was given by Mulholland (1985) , who described tanker 281 trucks driving through a muddy field used for defecation before their tanks were filled in a 282 lake to supply the camp with drinking water. In the Mankhokwe outbreak, heavy rains 283 destroyed half the latrines 15 days before the first cases of cholera were detected and cases 284 were 4.5 times more likely than controls to use the water from shallow wells (95%CI: 1.0-20.9, 285 p=0.04); the distance between the surface of the water table and the bottom of nearby pit 286 latrines was less than 1 metre (Moren et al., 1991) . In both outbreaks that occurred in
287
Bangladesh, heavy rain filled ditches and holes that had previously been used for defecation,
288
and camp residents were reported to have used the rain water for washing and bathing (Khan 289 and Shahidullah, 1982; Khan and Munshi, 1983) . and water sources after heavy rains.
290
303
The focus on sanitation failures was motivated by recent reviews that found a lack of 304 evidence on the effectiveness of sanitation-specific interventions in controlling 305 communicable diseases during complex emergencies (Brown et al., 2012; Ramesh et al., 2015; 306 Blanchet et al., 2017 the presence of an established environmental reservoir (Rebaudet et al., 2013) .
338
All but one outbreak examined here took place within six months of the arrival of a 339 population fleeing war, famine and/or drought, therefore in the context of a complex 340 humanitarian emergency . A delay in adapting sanitation capacity 341 to a population influx would have increased the potential for direct contact with infected 342 faeces and for subsequent water contamination, to which both new arrivals and existing camp 343 dwellers would have been exposed (Lam et al., 2015) . Cronin et al. (2009) a more important role in controlling diarrhoea than access to water (Cronin et al., 2009) .
348
The use of river, pond or lake water for domestic purposes, and for drinking in the refugees and Kenyan nationals living in slums (Iijima et al., 1995) . 
365
Adequate sanitation provision can contribute to the prevention not only of diarrhoeal 366 disease outbreaks but also of vector borne diseases and hookworm, dracunculiasis and 367 schistosomiasis infections as well (Esrey et al., 1991; Cairncross and Valdmanis, 2006 
